INTRODUCTION
============

Cervical cancer is the fourth most common cancer in women worldwide, with about 528,000 new cases diagnosed in 2012.^[@R1]^ Cervical cancer incidence rates are decreasing among women in the United States. However, the incidence of cervical cancer remains high and is a leading cause of death in women in developing countries. Advances in screening, surgery technique, radiotherapy, and chemotherapy have improved survival in recent years. Subsequent secondary primary malignancies (SPMs) are sometimes observed clinically and usually result in inferior outcomes;^[@R2]^ therefore, SPMs are worth discussing alongside cervical cancer.

Several studies have reported SPMs in patients with cervical cancer. Since 1988, several studies have reported a correlation between radiotherapy for cervical cancer and subsequent cancer risk, but they focused mainly on bladder and colorectal cancers, leukemia, and non-Hodgkin\'s lymphoma.^[@R3]--[@R5]^ In addition, a population-based study in the United States that was based on the National Cancer Institute\'s Surveillance, Epidemiology and End Results (SEER) program enrolled 26,290 cervical cancer patients and showed a significantly increased risk in subsequent esophageal cancer, stomach cancer, lung and bronchial cancer, and bladder cancer.^[@R6],[@R7]^ A Japanese cohort, which enrolled 2167 cervical patients who underwent radiotherapy, showed a small but significant risk of SPMs.^[@R8]^ Most of these studies focused on the effect of radiotherapy. Furthermore, few studies have comprehensively coordinated subjects' medical history and radiation therapy history to evaluate these effects thoroughly. To clarify the incidence of SPMs in cervical cancer, we conducted a nationwide population-based study to examine SPM after the occurrence of cervical cancer.

Taiwan\'s National Health Insurance Research Dataset (NHIRD) provides nationwide population data for health research. As all malignancies are registered precisely, the NHIRD is proper for the analysis of SPMs. In addition to patients' age and sex, the NHIRD provides complete information on comorbidities, which were not simultaneously integrated in most previous studies on cervical cancer. The aim of this study is to compare the overall incidence of SPMs among patients with cervical cancer with the expected incidence in an age-, sex-, and calendar year-matched population using the NHIRD, and to calculate the standardized incidence ratios (SIRs). In addition, we investigated the potential predisposition of patients with cervical cancer to SPMs with respect to chemotherapy, radiotherapy, and comorbidities. The different impacts to risk of SPMs in individual chemotherapy agents were also analyzed.

METHODS
=======

Data Sources
------------

The universal National Health Insurance (NHI) program in Taiwan was initiated in 1995. It provides comprehensive medical care to all of Taiwan\'s residents, with a coverage rate of more than 99% ^[@R9]^. The program provides coverage for outpatient, emergency, inpatient, dental, and traditional Chinese medicine services, as well as prescription drugs.

Based on NHIRD, we also introduced the Registry of Catastrophic Illness, which provides comprehensive information on NHI enrollment and health care resource provisions for patients with serious diseases, whose medical copayments are exempted under the NHI program. The NHIRD integrates several NHI databases, which consists of claims data, NHI enrollment files, and the drug prescription registry. Cervical cancer and all other types of malignancies are categorized as catastrophic illnesses. All information that would potentially identify individual patients is encrypted. The data are confidential, as mandated by the Bureau of NHI and the National Health Research Institutes. Because the NHI dataset contains unidentifiable secondary data for research purposes, the institutional review board of Taipei Veterans General Hospital exempted this study from full review (2013-10-002CE).

Study Population
----------------

Newly diagnosed cases of cervical cancer (International Classification of Diseases, Ninth Revision, Clinical Modification \[ICD-9-CM\] code 181) during the period January 1, 1997 to December 31, 2011 were identified and enrolled from the Registry of Catastrophic Illness. Patients diagnosed with cervical cancer before January 1, 1997 were not enrolled. Patients aged under 20 at the time of diagnosis and those who had antecedent malignancies were excluded. The main dependent variable in our study was development of SPMs. To avoid misclassification, ill-defined or unspecific cancers were not considered as SPMs. For subjects identified using the Registry of Catastrophic Illness, histological evidence for the malignant diagnosis was required. Every patient was followed until the occurrence of an SPM, death, dropout from the NHI program, or the end of 2011. Information on comorbidities, radiotherapy, and chemotherapeutic agents was also collected from NHIRD for further analysis.

Statistical Analysis
--------------------

SIRs, defined as the observed number of cancer occurrences divided by the expected number of such occurrences, were used to determine the risk of SPMs in our study cohort. The expected number of cancer occurrences was calculated simply by multiplying the cancer incidence in the general population (retrieved from Taiwan\'s National Cancer Registry) by the number of patients in the corresponding age group in the study cohort. Each group was stratified according to calendar year in 5-year intervals by the corresponding stratum-specific person-time accrued in the cohort. Ninety-five percent confidence intervals (CIs) of SIRs were estimated by the assumption that the observed number of cancer occurrences followed a Poisson probability distribution. We defined SIRs for subgroups based on age. A subgroup analysis stratified by the period of SPM development was performed to avoid surveillance bias. For the same reason, SIRs for different types of cancer were estimated by excluding SPMs occurring within 1 year after the diagnosis of cervical cancer. Risk factors for SPM development among patients with cervical cancer were analyzed using univariate and multivariate Cox proportional hazard models. These factors included not only age and comorbidities but also surgery, radiotherapy, and chemotherapy. Factors with *P* values \<0.1 in the univariate analysis were entered into the Cox multivariate analysis.

Data were extracted and computed using the Perl programming language (version 5.12.2; Perl Foundation, Walnut, CA). Data linkage, processing, and sampling were conducted using Microsoft SQL Server 2012 (Microsoft Corporation, Redmond, WA). SAS software (version 9.2; SAS Institute Inc, Cary, NC) was used for all statistical analyses. Statistical significance was defined as *P* \<0.05.

RESULTS
=======

Characteristics of the Study Population
---------------------------------------

We identified 36,399 patients diagnosed with cervical cancer between 1997 and 2011 in the NHIRD\'s Catastrophic Illness Registry. Of these, 296 patients were misclassified, 8 patients were aged \<20, and 920 patients had antecedent malignancies. Thus, the final sample consisted of 35,175 patients, with a median age of 55.32 (interquartile range, 45.49--67.33) at diagnosis. The detail of patients' enrolment is demonstrated in Figure [1](#F1){ref-type="fig"}. Overall, this cohort was observed for 223,062 person-years from 1997 to 2011. The characteristics of the cohort are shown in Table [1](#T1){ref-type="table"}.
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###### 

Characteristics of Cervical Cancer Patients
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All Cancers
-----------

During the observation period, 2004 cancers developed. Compared with the general population, patients with cervical cancer had a significantly increased risk of all cancers (SIR 1.56, 95% CI 1.50--1.63, *P* \< 0.001). Subgroup analysis showed that SIRs for all cancers were highest among patients aged 20 to 39 at the time of diagnosis (SIR 3.99, 95% CI 3.07--5.09, *P* \< 0.001). Subgroup analysis based on the period of SPM development (0--1, 1--5, 5--10, and ≥10 yr) after cervical cancer diagnosis yielded SIRs of 2.59 (95% CI 2.35--2.85, *P* \< 0.001), 1.34 (95% CI 1.24--1.45, *P* \< 0.001), 1.51 (95% CI 1.40--1.63, *P* \< 0.001), and 1.37 (95% CI 1.21--1.56, *P* \< 0.001), respectively. The results of these subgroup analyses are summarized in Table [2](#T2){ref-type="table"}. The cumulative incidence of secondary primary malignancies in patients with cervical cancer is demonstrated in Figure [2](#F2){ref-type="fig"}.
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Standardized Incidence Ratios According to Sex, Age at Diagnosis, and Follow-Up Time
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Specific Cancer Types
---------------------

After excluding SPMs developed within 1 year after diagnosis of cervical cancer, significantly higher SIRs were observed for cancers of the esophagus (2.05, 95% CI 1.02--3.67, *P* = 0.043), stomach (1.38, 95% CI 1.09--1.72, *P* = 0.009), colon and rectum (1.36, 95% CI 1.21--1.54, *P* \< 0.001), lung and mediastinum (2.28, 95% CI 2.03--2.55, *P* \< 0.001), bone and soft tissue (2.23, 95% CI 1.34--3.48, *P* = 0.003), uterus (3.76, 95% CI 3.16--4.44, *P* \< 0.001), bladder (2.26, 95% CI 1.76--2.86, *P* \< 0.001), and kidneys (1.41, 95% CI 1.06--1.84, *P* = 0.018). SIRs for specific cancer types are shown in Table [3](#T3){ref-type="table"}.
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Standardized Incidence Ratios for Cancer Subtypes Among Cervical Cancer Patients (Follow-Up More Than 1 Yr)
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Predictors of Cancer Risk
-------------------------

Univariate Cox proportional hazard analysis showed that age ≥60, diabetes mellitus, hypertension, chronic obstructive pulmonary disease (COPD), chronic kidney disease, liver cirrhosis, autoimmune disease, and dyslipidemia were associated significantly with a higher risk of cancer development. Multivariate analysis showed that age ≥60 (hazard ratio \[HR\] 1.59, 95% CI 1.43--1.77, *P* \< 0.001) remained an independent predictor of SPM development. Furthermore, chemotherapy (hazard ratio \[HR\] 1.41, 95% CI 1.25--1.59, *P* \< 0.001) and radiotherapy (hazard ratio \[HR\] 1.27, 95% CI 1.14--1.43, *P* \< 0.001) were independent risk factors in the multivariate analysis. We also analyzed the impact of common chemotherapy agents on SPM occurrence among cervical cancer patients. Multivariate analysis showed that chemotherapy agents with fluorouracil (\[HR\] 1.51 95% CI 1.22--1.87, *P* \< 0.001) and carboplatin (\[HR\] 1.58 95% CI 1.20--2.07, *P* = 0.001) independently increased risk of SPM under the multivariate analysis. These results are itemized in Tables [4](#T4){ref-type="table"} and [5](#T5){ref-type="table"}.
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Risk Factors for Cancer Development Among Cervical Cancer Patients (Follow-Up More Than 1 Yr) (*n* = 30,149)
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Risk Factors for Cancer Development Among Cervical Cancer Patients (Follow-Up More Than 1 Yr) (*n* = 30,149)
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DISCUSSION
==========

Our study is a nationwide population-based study to clearly demonstrate significantly increased SIRs for metachronous SPMs among patients with cervical cancer. The main findings were that patients with cervical cancer have significantly increased risk of SPMs in the esophagus, stomach, colon and rectum, lung and mediastinum, bone and soft tissue, uterus, bladder, kidneys; SIRs for all cancers were highest among patients aged 20 to 39 at the time of diagnosis; independent risk factors for SPMs include age ≥60, hypertension, chemotherapy, and radiotherapy; the chemotherapy agents carboplatin and fluorouracil are independent risk factors for SPMs in cervical cancer patients.

Several studies have discussed the issue of SPMs after cervical cancer.^[@R2]--[@R5],[@R10]--[@R23]^ Most of these studies emphasized the effects of radiotherapy^[@R4],[@R5],[@R8],[@R11],[@R12],[@R18],[@R21],[@R23]--[@R29]^ and the majority focused on Western patients. Most Asian studies were conducted in or by single institutes and had limited populations.^[@R4],[@R8],[@R25],[@R30],[@R31]^ A study published in 2012 based on the Taiwan Cancer Registry that enrolled 52,972 patients also found increased SIRs in patients with cervical cancer.^[@R2]^ However, only the age of patients, registry date, and sites of cancer were analyzed. In the present study, we enrolled 35,175 cervical cancer patients and not only obtained the full claims data but also corroborated with the cancer registry to confirm the results. By using the NHIRD, we can take patients' comorbidities and their treatment modalities into consideration. Our results are convincing because our cohort included patients identified by unbiased nationwide selection and reliable diagnostic criteria supported by pathological evidence.

Although our study demonstrated that SIRs for SPMs were highest at 0 to 1 years, the higher SIRs might be confounded by surveillance bias. After excluding SPMs at 0 to 1 years, SIRs showed no difference between those of the 1 to 5, 5 to 10, and ≥10 groups when examined using a Pearson *χ*^2^ test (*P* = 0.476). In the subgroup analysis, we found that patients aged 20 to 39 at diagnosis had the highest SIRs of SPMs. The SEER study reported a similar results.^[@R7]^ Though the absolute risk of SPMs in this age group is modest when compared with those of the elderly, they are at a much higher risk than people without cervical cancer in the same age group. These findings imply that thorough examination is warranted to detect synchronous cancers when cervical cancer is diagnosed. Cautious follow-up is also necessary even after 10 years.

The increased risk of SPMs in cervical cancer patients we found was consistent with most previous studies.^[@R2]--[@R8],[@R10]--[@R23],[@R30],[@R32]^ Boice et al conducted an international collaborated study that enrolled 182,040 patients from 15 cancer registries in 8 countries and reported that a 9% excess of secondary cancers (5146 observed versus 4736 expected) had occurred 1 or more years after treatment.^[@R21]^ Chen et al reported a significantly greater SIR (1.36) of SPM in cervical cancer patients in the Taiwan Cancer Registry.^[@R2]^ Other studies highlighted an increased risk of gastrointestinal cancer after cervical cancer.^[@R10],[@R12],[@R13]^ Some of these studies observed the correlation of secondary primary malignancies with human papillomavirus (HPV) and tobacco use.^[@R6],[@R7]^ We found an increased SIR for SPMs in the esophagus, stomach, colon and rectum, anus, lungs and mediastinum, bones and soft tissue, uterus, bladder, and kidneys.

Several possible etiologies may be applied for the increased risk of SPMs after cervical cancer. First, cervical cancer is a human papillomavirus (HPV)-associated cancer.^[@R33]^ Patients with cervical cancer share the risk with other HPV-associated cancers, such as anal cancer, oropharyngeal cancer, and vaginal cancer.^[@R34],[@R35]^ Second, patients of some cancers may have socioeconomic status and some lifestyle-related risk factors in common, such as smoking and sexual activity.^[@R6],[@R7],[@R36]--[@R38]^ Third, treatment modality, such as chemotherapy or radiotherapy, may induce SPMs.^[@R5],[@R8],[@R18],[@R23],[@R27]^ Further research is needed to determine the possible relationships between these factors and to find the underlying mechanisms.

Increased age was found to be an independent risk factor for SPM after the diagnosis of cervical cancer. Additionally, none of the comorbidities available in our database were independent risk factors for SPMs in cervical cancer patients. However, radiotherapy and chemotherapy, which were considered to be time-dependent variables, increased the risk of SPMs. In 1982, Kleinerman et al found an increased risk of SPM in 5997 cervical cancer patients who had received radiotherapy. No excess was found among the 1130 nonirradiated women. An international study using data from 104,760 1-year survivors of cervical cancer in 13 population-based cancer registries from Denmark, Finland, Norway, Sweden, and the United States found a statistically significant increased SIR (1.3) for the risk of all SPMs in cervical cancer patients who had received radiotherapy.^[@R15]^ Most studies suggest that these SPMs occur mainly in the irradiation sites and gastrointestinal tract.^[@R10],[@R12],[@R18],[@R21],[@R23]^ Our study also found that carboplatin and fluorouracil were independent risk factors of SPMs in cervical cancer patients. As far as we know, there have been no nationwide population-based studies to date that have mentioned the effects of chemotherapy agents on SPMs in cervical cancer. Several studies have also mentioned the possible carcinogenic effects of platinum-based chemotherapy regimens.^[@R39],[@R40]^ The effects of chemotherapy which may result in secondary primary malignancies were mostly discussed in children with hematologic disease and sarcomas.^[@R41]--[@R47]^ By the improvement of cancer therapy, this is an emerging issue for adult cancer survivors. Further basic investigation is warranted to clarify the effects.

Our study has several limitations. First, family history and lifestyle factors, such as exercise, sexual activity, tobacco use, and alcohol consumption, which were not recorded in the NHI database, may be potential confounders. Among them, the women tobacco-smoking prevalence is relatively low in Taiwan \[3.5% in 2014 according to the annual report from Health Promotion Administration, Ministry of Health and Welfare (http://tobacco.hpa.gov.tw/Show.aspx?MenuId = 581 accessed on 2015/9/7). Therefore, the effects of tobacco smoking may be negligible in our cohort. Second, disease stages and microscopic features (ie, grade) of cervical cancers were not included in the NHI database. However, previous studies have reported a similar risk of SPMs in patients with invasive cervical cancer and carcinomas in situ,^[@R17]^ which may be due to these patients having certain risk factors, such as treatment modality and exposure (ie, HPV infection), in common. Nevertheless, we indeed found an increase of risk in HPV-related cancers in our cohort. Finally, clinical symptoms and detailed laboratory data were not available, which limited further analysis into quality of life and other medical scenarios.

In conclusion, our results demonstrate that the risk of SPMs is significantly higher among patients with cervical cancer. Age, chemotherapy, and radiotherapy are independent risk factors for SPM in this population. Furthermore, among all the common chemotherapy agents, carboplatin and fluorouracil independently increased the risk of SPMs. Postchemotherapy/radiotherapy surveillance is crucial for early detection of SPMs.

Abbreviations: 95% CI = 95% confidence interval, HPV = human papillomavirus, HR = hazard ratio, ICD-9-CM = International Classification of DiseasesNinth RevisionClinical Modification, NHI = National Health Insurance, NHIRD = National Health Insurance Research Dataset, SIR = standardized incidence ratio, SPM = secondary primary malignancy.

This study is based on data from the National Health Insurance Research Database, provided by the Bureau of National Health Insurance, Department of Health, and managed by the National Health Research Institutes. The interpretation and conclusions contained herein do not represent those of the Bureau of National Health Insurance, Department of Health, or National Health Research Institutes.

Using the largest nationwide population-based Asian dataset examined to date, this study reveals an increased cancer risk in patients with cervical cancer, with a standardized incidence ratio (SIR) of 1.63 (95% confidence interval, 1.56--1.70) among patients aged 20 to 39 years at the time of cervical cancer diagnosis. SIRs for different cancer sites and risk factors were determined. Different treatment modality and chemotherapy agents were also analyzed.
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